ii The Program on Energy and Sustainable Development at Stanford University is an interdisciplinary research program focused on the economic and environmental consequences of global energy consumption. Its studies examine the development of global natural gas markets, reform of electric power markets, and how the availability of modern energy services, such as electricity, can affect the process of economic growth in the world's poorest regions. The Program also works on legal and regulatory issues surrounding the development of an effective international regime to address the dangers of global climate change.
political consolidation of the country (which included the assassination of President Álvaro Obregón) caused foreign private investment to trickle. By the late 1920's, two things were clear. First, electricity supply was (and still is) strongly associated with the concepts of "nationalism" and "sovereignty" 5 . Second, private investment in the sector was declining and electricity demand was rising. Therefore, there was an urge for the government to step in and assume control of the power system. During the 1930s the industry was swept up in a broader process of reorganization as the Partido Revolucionario Institucional (PRI) consolidated its grip on power and unified the far-flung Mexican states into an integrated federal country. As a result of this consolidation, Mexico had the Código Nacional Eléctrico (National Electric Code), and a newly created state-owned and state-financed enterprise -Comisión Federal de Electricidad (CFE)-which came to dominate all investment in new capacity. At the same time, worker unions were developed. Electricity being a key sector for the Mexican government (and mainly to the party in power), the Electricity Worker Union quickly gained political power. Since then, the strong correlation between the evolution of the electric sector and the political environment has become stronger. Through the 1940s and 1950s installed power-generating capacity continued to rise as the government and a few private generators invested heavily in the sector.
In 1960, a constitutional amendment to Article 27 nationalized the electricity industry, formally giving the government "exclusive responsibility" for generating, transmitting, transforming, and distributing electricity. The private participation in generation ended and new challenges emerged. Political issues, lack of credible data on the true cost of electricity, among other difficulties, raised barriers for setting economically efficient tariffs.
Also in this decade, the government created the Compañía de Luz y Fuerza del Centro
(LFC) to supply electricity to Mexico City and the neighboring states. Reinforced by these changes in the power sector, populist ideas claiming sovereignty and state autonomy as the government's primary goals became more important than efficiency and economic growth.
As was the case in many countries during the 1960's and 1970's, Mexico alienated private 5 The Mexican modern nation was built around the idea of sovereignty as a key element to keep the country united against external forces. To understand the importance of that concept it is necessary to recall that Mexico lost half of its territory in the 19 th century to the United States. Since then Mexican leaders have used the discourse of nationalism and sovereignty as persuasive and unifying elements to protect Mexico's borders and maintain the country's independence. Although territorial sovereignty is no longer in danger, several decades of indoctrination can persist even if international conditions have changed. Today, privatization and foreign private investment are rejected because some groups perceive them as new forms of colonialism. investment and insulated the power system from market forces, allowing it to grow without much consideration for the economics of the business. Moreover, the "soft budget" of state financing allowed these enterprises, CFE and LFC, to operate (albeit inefficiently) and to wield growing political power. Nonetheless, a steady supply of new technologies (developed mainly abroad) as well as the economies of scale in building ever-larger power systems made it possible to sustain low tariffs for end users without causing these firms to become a huge drain on the state budget. Although these improvements were largely exhausted by the 1970s, the surges in oil prices at that time delivered a windfall to oil-rich Mexico, much of which was directed to subsidies for electricity generation. On the other hand, when oil prices crashed in the early 1980s, a deep financial problem created both the urgent need and a political opportunity for reforms that would make the power sector more efficient while reducing the burden on the state to supply all new capacity. Even though those reforms started slowly and cautiously, successive financing crises have created additional pressure for reform.
In the late 1980s and early 1990s, the Mexican government implemented swift market reforms in various economic sectors (like banking and pension systems) and started to open its markets to international free trade. These included foreign investment agreements allowing participation in several sectors (including electricity) and the creation of new economic institutions that were required to implement those reforms. The Comisión
Federal de Competencia (Antitrust Federal Commission, CFC), the Comisión Federal de
Telecomunicaciones (Telecommunications Federal Commission, COFETEL) and the Comisión Reguladora de Energía (Energy Regulatory Commission, CRE) were created to regulate markets in order to get the desired social outcomes. More specifically, the CRE was created in 1993 to help build an electricity market.. During the late 1990's, former President Zedillo attempted a comprehensive reform of the electricity sector, which included amending the Mexican Constitution, but faced strong political resistance. Finally, in year 2000, for the first time in modern Mexico's history, a candidate from the opposition -the Partido Accion Nacional, PAN-won the Presidential Office election. The new government made a new reform attempt; but in a divided Congress its proposal did not achieve the required majority support. At the same time, both major parties in the opposition, PRI and Partido de la Revolución Democrática (PRD), presented their own proposals, which are presently being debated.
The plan of this chapter is as follows. In section II we recount the history of the electric industry in Mexico to explain the structure of the SOEs that dominated during most of the 20 th century and are now the subject of reforms. We analyze the performance of the system, to the best extent possible given the limited data, by looking at patterns of investment and tariffs. We also examine the spread of electrification to the rural poor, regulation of the environmental impact of electricity generation and other social dimensions of the power system. In Section III we examine motivations and outcomes from the various attempts to reform this state-dominated system, starting with the financial crisis in the early 1980s. We analyze the changes introduced in 1992 and the reform proposed by former President Zedillo in 1999. The main political actors: consumers, parties, government, unions, etc, are also introduced as they get involved in the discussion. This is very important since the Mexican electric system (as any other system in the world) should not be seen separately from the political and economical standpoint since both have shaped the power sector. By understanding the different scenarios and conditions that prevailed in the sector, the whole story should make sense. While there has been some progress in the process of reform, fundamental issues remain unsettled because of the combination of economical, political, and legal factors: the composition of both chambers (deputies and senators), the judicial decisions about the legality of the present regulatory schemes, the role of the public opinion, especially on issues of nationalism and sovereignty, the new role of the CRE, the evolution of tariffs in the near future, etc. We summarize those in section IV, where we discuss the evolving agenda. Finally, conclusions are stated in section V. Mindful of the increasing social, political and economic relevance of electricity, the government tried to tame the monopolistic tendencies of the electricity companies. But the task was daunting as the central government was weak and the industry itself was in the midst of a massive reorganization that would produce even larger monopolies that, by design, would not compete or even complement each other. The most important firms became holding companies by absorbing the many small retail companies-interestingly, this consolidation occurred at roughly the same time that Samuel Insull, in the United
II. History of the Mexican Power Sector

II.1. 1880-1979: Mexico's political consolidation and power sector growth
States, was creating a vast holding company by acquiring the assets of smaller isolated 6 Rodríguez y Rodríguez (1994) . 7 Rodríguez y Rodríguez (1994) . 8 Rodríguez y Rodríguez (1994 The result, arguably, was the worst of two worlds. Monopolistic pricing flourished where regulators were weak, but in the heart of the industrializing nation -Mexico Cityarbitrary tariff rules set the stage for perpetual under-investment in the power sector.
In 1926 the federal government adopted a policy strategy that would cast a long shadow over the century. The Código Nacional Eléctrico changed the Constitution and declared electricity a public service and conferred to Congress the attributions to legislate in related matters. In the short term, this constitutional move had little impact because the federal government remained weak-financing and regulation of local electric monopolies, for example, was controlled by state and city governments and the large industrial users of electricity. Congress adopted rules that demanded rural electrification, a politically popular mandate, but the private companies ignored new mandates that made no sense for their business plans. However, the Código did require homogenization of the frequency standards over the complete system-on that score it had large effect since it supplied the public good of coordination and required only two of the dominating firms (Impulsora and Chapala) to align their practices with the third.
As it is the case in other countries examined in this book -such as Brazil and South Africa-the Mexican government tried to circumvent the difficulties of sustaining private investment by assuming the function of supplying electricity itself. MW. See Figure 1 for the increase in new capacity during this process of nationalization and consolidation of the system -notice that all new capacity came from additions from CFE while the other firms kept the same installed capacity. American countries in the 1960s and 1970s, nationalization along with an import substitution strategy were part of the government's effort to control economic development-to accelerate the rate of growth and to spread the benefits widely. Over the decades that followed, the government controlled power system connected millions to the grid, achieving nearly universal coverage, which is one of the reasons why the population at large--especially those from adverse social backgrounds-support state control of utilities in Mexico. Along the way, the notion of social justice was expanded to include a wide array of subsidies for urban and agricultural consumers-as in many countries (e.g., India) electricity tariffs were constructed with an eye to political benefits rather than economic cost, and over time they led to a system characterized by mounting losses. which declared CFE and LFC as public suppliers of electricity. State-controlled monopoly, it was thought, was essential for ensuring the real-time management of electric power.
Only a state enterprise could be trusted with a technology that had large economies of scale-and thus natural tendencies to monopoly. Furthermore, private generators sought only profitable markets, leaving a large part of the population without electricity, and it was assumed that only a state-owned enterprise could deliver electric service more equitably
As in most of the SOEs studied in this book-possibly with the exception of Eskom in South Africa-CFE and LFC were managed like government offices rather than private, competitive firms. Relying heavily on the public budget for financing, they were (and still are) a source of political patronage for senior appointments. These enterprises also host among the strongest of the nation's unions-key elements of the PRI power base. In addition to these generic features of state-owned enterprises, management of these firms has been complicated by frequent changes in policy as well as by the difficulty of drawing a line between State and enterprise. We now turn to the task of evaluating the system that emerged from this historical context, with particular attention to factors that have affected the choice of fuels, the setting of tariffs and the financial performance of the Statedominated system. We also examine the system's performance on several politically important dimensions (beyond financial)-notably, its ability to connect people to the grid.
The analysis of successes and failures sets the context for the goals that reform efforts, begun in the wake of a financial crisis in the early 1980s, sought to achieve.
This system, controlled and financed completely by the State, appears to have performed adequately during the 1970s. Demand grew rapidly, but so did installed capacity. There was no boom and bust cycle of investment that is often evident in private- 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
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As the power system expanded over the 20 th century the need for primary fuel quickly outstripped the availability of high quality coal, so generators turned to other locally available options: oil and hydroelectricity (see Table 1 ). Rivers were tapped from the earliest decades of electrification, but Mexico's water resources in the north are scarce and the load factors on hydroelectric plant factors rarely exceed 30%. That left fuel oil from petroleum as the main fuel, particularly as Mexico became one of the top ten world oil producers in the 1970s and growing concerns about environmental pollution favored oil over coal. Since the 1980s, with the availability of cost-effective gas turbines, fuel oil fell out of favor as more costly than gas alternatives-much of the history of reform in the power sector, to which we turn to in the next section, is intertwined with efforts to secure a larger share for gas in the power sector. Within the political and organizational calculus of CFE and LFC, the preference for fuel oil is easy to understand. First, even though Mexico is rich in natural gas, the stateowned Petróleos Mexicanos (PEMEX) that is responsible for hydrocarbon production did not consider gas as part of its core business throughout most of this period and thus could not guarantee a gas supply to the power sector. Even today, gas is a poor second cousin to oil extraction at PEMEX. Second, Mexico does not have coal with the quality needed to generate electricity. Third, the logic of "dependency" and the strategy of import substitution animated a self-sufficiency policy under which imports of technology and fuels would be minimized. Coal and gas plants typically require greater purchases of equipment overseas, whereas oil-fired facilities would be relatively easy to construct and supply with fuel from an oil-rich nation. Crucially for CFE and LFC in their internal decision-making, during the 1970's and 1980's PEMEX sold fuel oil to the power sector at around 30% of its opportunity cost (see Figure 3) . From the perspective of managers within CFE and LFC, allocation of investment towards oil was actually efficient. Viewed from the vantage of the country as a whole, this strategy was extremely costly-the under-pricing of fuel oil amounted to a massive implicit subsidy to the power sector that averaged about USD $1.5
billion dollars a year. 11 When world oil prices soared so did the subsidy; ironically, however, the subsidy proved easiest to sustain when oil was dear and thus large windfalls flowed to the State budget from Pemex oil sales overseas. Even when oil prices plummeted in the late 1980s the price charged to CFE and LFC for fuel oil was only 70% of its true opportunity cost. The philosophy of import substitution and "Mexican sovereignty" had been built into every aspect of the Mexican power system; even today, a reliable political strategy for opposing reform of state-dominated enterprises is to hype the threat to Mexican sovereignty. 1 9 7 0 1 9 7 1 1 9 7 2 1 9 7 3 1 9 7 4 1 9 7 5 1 9 7 6 1 9 7 7 1 9 7 8 1 9 7 9 1 9 8 0 1 9 8 1 1 9 8 2 1 9 8 3 1 9 8 4 1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1
Low fuel prices allowed for tariffs that were also set far below their opportunity cost.
However, the exact relationship between tariffs and costs is difficult to assess because, even today, there are no credible statistics on the true cost of electricity production in Mexico.
We attempt to compare tariffs with costs by comparing Mexican tariffs with those in the U.S. (see Figure 4 ). Mindful that there are many differences between the systems, such a comparison is nonetheless a useful place to begin in assessing Mexican tariffs. 1 9 7 0 1 9 7 1 1 9 7 2 1 9 7 3 1 9 7 4 1 9 7 5 1 9 7 6 1 9 7 7 1 9 7 8 1 9 7 9 1 9 8 0 1 9 8 1 1 9 8 2 1 9 8 3 1 9 8 4 1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1
Source: CFE -SENER.
In most jurisdictions in the U.S. tariffs were set "in the public interest" by independent regulators and implemented by privately owned utilities whose stockholders demanded that the enterprise cover its cost and make a predictable profit. In Mexico, the function of regulating tariffs was (and still is) played by the Secretaría de Hacienda (Ministry of Finance) and is an extension of the development strategy that the government pursues at any given moment. Often, the agenda at Hacienda has not been compatible with the needs of a financially self-sustaining power sector-as in all the other countries examined in this book, such mismatches would not necessarily cause turmoil in the sector so long as the government was also willing to cover the difference (usually indirectly through its financing of new projects). Hacienda consistently set tariffs for public purposes (e.g., street lighting) for agriculture and for residential service at levels below those of the U.S.-a reflection of the importance of rural agricultural and low/middle income class voters to the construction of PRI, and also the tendency not to draw a strong line between core public functions and the full cost of services supplied by state-owned enterprises. In many respects, the integrated state budget was like a gigantic shell game.
In general, tariffs for the other classes remained well above U.S. levels, which we conjecture is the result of at least two forces. One was that the state-owned power system in Mexico was less efficient than the U.S. power system-payrolls were larger, the aversion to outside equipment meant that technical losses (although not known) were probably larger, and quality of service was lower. 12 The other factor was the ability of Hacienda to extract higher rents from commercial and industrial consumers, which are not a power base for PRI.
Overall, the Mexican power sector's tariff policy seems to have been broadly reflecting costs until 1973. Electricity prices were a bit higher than in the US but it was probably due to the oil-intensive and somewhat inefficient Mexican system. After 1973, there is a clear shift in the tariff policy that appears to mirror the shift in the country's general economic policy -an inward policy that allowed Hacienda to lower tariffs with the help of oil money. Lower tariffs were used as an inflation control policy followed by the government during that time. The late 1970s through the 1980s marked a peak period for state control and budgetary shell games, thanks to the lubrication of oil revenues. This is evident in figure 4 which reveals that the Mexican tariff level has followed the availability of oil subsidies, with a delay of about two years for the normal cycle of state budgets.
Tariffs declined sharply in 1981 (after the oil price windfall created by 1979 Iranian revolution) and then climbed in the late 1980s as the cost of subsidy mounted and oil prices softened.
12 Efficiency measures are against CFE and LFC. First, the energy sold per worker it is only about 1.85 Gwh/worker in CFE and 1.6 Gwh/worker in LFC, compared to about 4.5 Gwh/worker in Australia. Second, the power interruption per user is 230 and 331 minutes, in CFE and LFC, respectively. In France and the United States, it is 115 and 120 minutes, respectively. Moreover, LFC is more inefficient that CFE.
III. Shifting the State-Dominated Economy: 1982 to 2003
III.1. 1980 to 1989: The lack of resources to increase infrastructure
Starting in the early 1980s the Mexican government's framework shifted from a situation in which, in the words of former President José Lopez Portillo (who ruled from 1976 to 1982), "Mexico was managing its oil wealth" to a scenario with spiraling public debt and hyperinflation. By 1980 the Mexican Government was operating with a total deficit of 7.5% of GDP, and the electricity sector alone ran a deficit at almost 2.4% of GDP -all financed by extraordinary oil revenues. Despite oil prices that remained high in the early 1980s, shortly after Miguel de la Madrid assumed the presidency in 1982 Mexico defaulted on its external debt. The shock of this financial crisis created a window of opportunities for reformers who imposed tight fiscal controls, dismantled the import substitution strategy, integrated Mexico into the world economy, and reduced the role of the state in the local economy; ever since, the role of state-owned enterprises in the economy has declined steadily-first as a fraction of GDP and then, after delays, in the aggregate workforce ( Figure 5 ). Among the few industries that escaped privatization in the two decades of reform that followed were the two areas with the greatest implications for the state budget-electricity as a drain, and oil as a source of revenue. The failure to disengage the electric sector is evidence of key political and constitutional factors at work -to those factors we now turn.
One of Hacienda's immediate responses to the crisis was to adjust prices with the twin (often incompatible) goals of reducing financial losses caused by low tariffs while at the same time taming hyper-inflation. Hacienda increased the price of fuel oil burned for electricity and also reformed commercial and industrial tariffs, which in 1983 had reached a historical low while keeping flat the more politically sensitive residential and agricultural tariffs ( Figure 4 ). On the assumption that industry could pay a stiffer rate, the crosssubsidy from industrial and commercial users to the others grew over the following years.
These modest reforms on fuel prices and tariffs bought time, but they did not fix the structural problems within the state-owned power sector. 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 SOE economic activity (% of GDP) SOE employment (% of total)
III.2. 1990-2000: Structural reforms towards building a new market architecture
During the 1990s, Mexico shifted from a country that avoided foreign direct investment to one that actively sought it-especially in export-oriented industries. Through has brought stern limits on public debt, which in turn has limited the ability of CFE, a public company, to raise the capital needed to build new plants at the pace of rising demand. In contrast with the 1970s (see Figure 2) , during the era of crises-from 1982 through the 1990s (and perhaps the present)-the growth in supply and demand were more unpredictable; reserve margins varied widely because of lack of investment in capacity as demand was steadily growing.
A new financial crisis in 1994-1995 proved a breaking point. Politically, this crisis induced a strong change in the electorate preferences that allowed for a new composition of the Mexican Congress after the midterm elections in 1997. After more than 65 years of control, the ruling party (PRI) lost its majority in Congress (see Table 2 ). PRI's absolute majority in both houses of Congress had long been a crucial asset for the PRI-controlled presidency. Any policy that the President (and PRI) sought to implement-such as import substitution in the earlier era, and shifting from the state dominated economy along with free trade agreements during the era of reforms-could be assured a working majority.
Any significant opposition came from within the establishment itself and could be addressed within the PRI apparatus. Economically, this crisis also had seismic effects because the government's negotiated settlement with its creditors included a prohibition against state-owned enterprises incurring additional debt. For the power sector, this did not seem a substantial concession-the economy was expected to tip into recession and thus demand for power would be sluggish, and a considerable excess capacity was available from the years of over-building. Reality proved to be quite different-integration with the U.S. fueled a rapid growth in Mexico and led to power demand that rose at a much higher rate than expected.
The government found relief in Amendments to Mexico's Ley del Servicio Publico de
Energía Eléctrica (LSPEE), which was altered in 1992 to allow private participation under different schemes such as Independent Power Production (IPP), Cogeneration and Self
Supply (see Table 3 ). These legal reforms had been undertaken to comply with the energy chapter of NAFTA, which was artfully constructed to permit continued state control of oil and electricity sectors (as enshrined in Articles 27 and 28 of the Mexican Constitution)
while at the same time allowing for private participation in the power sector. As shown in Figure 6 , an interlocking array of constitutional, international and national laws then applied in the power sector, and as we will see the interaction between these laws has strongly shaped the outcomes. Generation of electricity to meet an industrial facility's own energy needs. Refers to power plants owned and operated by private companies Cogeneration Refers to electricity generated simultaneously with steam or other types of secondary thermal energy to be used in an industrial process, or the generation of electricity from the surplus of thermal energy of an industrial process Independent Power Production Refers to power plants with installed capacity larger then 30 MW, built and operated by private companies. All generated power must be sold to CFE under a power purchase agreement Imports and Exports Exports refer to electricity produced under cogeneration, IPP or small scale generation categories. Imports refer to electricity exclusively used for self-supply purposes. Small-scale generation Refers to power plants with an installed capacity no larger than 30 MW built and operated by private companies. This electricity is to be sold solely to CFE.
With the LSPEE already on the books, though not yet implemented, the government jumpstarted the IPP program to alleviate the looming crisis in power supply caused by CFE's inability to contract debt. The first tender (Merida III, a combined cycle gas-fired plant) was awarded in January 1997. In practice, IPPs on their own were not a miracle solution because generators still had to sell their power through one of the state-owned distributors-LFC or CFE-and the power purchase agreements (PPAs) that underpinned IPP investments were, in essence, a form of long-term debt-like commitment that the post-1995 settlement would seem to have forbidden. plants that burn high cost fuel oil. Second, the government has slashed the authorized budgets for maintenance and repair-typically, as shown in Table 4 , to levels on average 30% lower than the level that CFE executives think is required. These short-term measures helped to preserve resources for capital investment and helped to avert crisis in the power sector, but they were merely stopgap measures. Two conclusions can be drawn from the experience, so far, with the IPP program.
First, it has resulted in almost no change in the market architecture of the sector. Although a leap for private investors, IPPs are a stopgap measure. By design, they exist inside the LFC & CFE-dominated system and require minimal adjustment of that structure. They solve an immediate problem-surging demand but stagnant supply and aging incumbent plants-at considerable cost that is largely not transparent in current state accounts.
Second, IPPs have had a dramatic effect on the technology available in the sector in ways that are probably quite beneficial for Mexico. All of the IPP projects have been built by foreign companies using state-of-the art combined cycle gas-fired technology-with gas purchased from the U.S. or from PEMEX. Whereas in other countries examined in this book the introduction of gas has been difficult because fuel costs in a gas system are higher than the incumbent coal (China, India, South Africa) or hydro (Brazil). In Mexico, the incumbent is expensive and gas plants not only have lower capital cost but also are less costly to operate -in addition to being much cleaner. cost-especially as the cost basis of the oil-intensive Mexican power sector is much higher than in the U.S., where low-cost coal is the dominant primary energy source. According to the Ministry of Energy, Mexican electricity tariff/cost ratios are as shown in Table 5 . 16 Despite these increases in tariffs, the sector still loses vast sums of money. 17.9%; the agriculture sector, 11%; and the commercial sector, 5.3%. As a consequence of this policy, residential consumers face a tariff that is among the lowest in the world; but, it relies on a regressive scheme as shown by López-Calva and Rosellón (2002) . A new 31- 16 We reiterate that exact costs of generation, transmission and distribution are unknown, and thus this unorthodox cost allocation makes it hard to actually sort them out. Data should be treated with caution because of the indiscriminate use of financial costs and long run marginal costs to calculate final tariffs. category tariff scheme adopted at the end of 2000 marks a further step at rationalization; still, the residential tariffs remain below cost-implying a subsidy for 98% of users.
Politically it has proved extremely difficult, if not impossible, to raise residential and agricultural tariffs. Thus, most analysts conclude that the only practical way to make the sector financially sound is to reduce costs-yet that, too, is politically challenging as it requires confronting the powerful unions that are embedded in CFE and, especially, LFC.
These unions --Sindicato Mexicano de Electricistas at LFC in a cross alliance with the leftist Party PRD, the leftist wing of PRI, and some other social organizations and unions
and the Sindicato Único de Trabajadores Eléctricos de la República Mexicana (SUTERM)
at CFE (which has a mixed position on the reform issue) --have led a broad coalition to block any attempt to allow private investment into the sector or to modify significantly the market architecture (e.g., tariff reform) in ways that could hurt their interests. Since the SME and the SUTERM are well-organized interest groups with the capacity to mobilize votes, no political Party has been willing to face the political cost of supporting a modification of the electricity subsidy policies or a substantial modification in the market architecture to allow for the implementation of competitive fares.. 17 If both consumers and unions oppose changes, then it becomes a risky business to pass a bill which eventually could costs votes or popular support for the involved parties.
The strongest of the referred political opposition to reform became evident in 1999 when the first profound reform of the sector was attempted by President Ernesto Zedillo.
Before then, policy makers under President Carlos Salinas, mindful of the political sensitivity of the energy sector, attempted only partial reform. In 1992, amendments to the LSPEE-the basic legal architecture for the power sector that had been codified in 1975-allowed IPPs into the sector (discussed above) and also empowered a new institution: the independent regulator. The strategy was to make the true costs of generating power more transparent-through market competition-and to empower independent regulators who would be able to scrutinize costs. In addition to promising the delivery of electric service at lower cost, a shift to competitive electricity markets would make it possible to remove key 17 As a recent example we should remember that President Fox implemented some changes in the subsidy policy (reduction of subsidy for some classes of residential consumers) and must overturned it in the northern states because it faced very strong opposition from those consumers.
operational decisions in the sector from the grip of the unions. Markets built around transparent rules as well as tariffs set at levels that ensured recovery of costs would attract private investment into new generating capacity and would also allow CFE and LFC to direct their scarce resources towards dire needs such as repair and maintenance of their existing assets. Moreover, they could implement better management of the system to reduce theft of electricity, which is a rising problem that threatens to undermine further the financial soundness of the system. Indeed, the experience in telecommunications, highways, the pension system, and the banking system, seemed to confirm, at the time, that privatization and the introduction of market forces would lead to an influx of private capital that could constrain the government's ability to torque tariffs to its macroeconomic and political agendas. 18 Today, the political case for privatization and market reforms is thus extremely difficult to make-indeed, policy makers often engage in verbal and legal contortions to argue that the proposed reforms do not involve privatization and unfettered markets.
III.3. The regulator in the power sector
The 1992 Amendments to the LSPEE did not alter the Mexican Constitution, and thus the State still held the exclusive right to generate, transport, and supply electricity for public service. Reforms in this context-as we have seen with the emergence of IPPsrequired careful balance to preserve the constitutionally-assured role for the central government. The creation of an independent regulator presented a new frontier in this balancing act-although formally part of the government, the regulator would have an arm's length relationship with the traditional entities of government precisely to preserve the political control of electricity that was originally envisioned in Article 27 of the 18 In the years since, sober assessments of the privatization process have revealed a more subtle story. In highways and banking, privatization spawned corruption that required reassertion of control by the government; in telecommunications, the process of privatization was not accompanied by the creation of an adequate regulatory authority, with the result that competition and tariffs have delivered only a fraction of the potential benefits from privatization. A private monopoly, Telefonos de Mexico (TELMEX), has become the focal point for claims that privatization and liberalization yield changes that benefit only a few. McKinsey and Mookherjee (2003) analyze the distributive impact of privatizations in several Latin American countries, including Mexico. They find positive welfare effects that do not support the generalized bad public opinion towards privatization that exists in the region.
Constitution. In 1993 the government created by decree the CRE as an advisory body on gas and electricity issues. In October 1995, the Ley de la Comisión Reguladora de Energía (Energy Regulatory Commission Act, LCRE) transformed CRE into an autonomous agency in charge of regulating the natural gas and electricity industries. The CRE has its own budget (which is allocated via the Energy Ministry with few strings attached) and has technical and operational autonomy. It consolidates functions that had previously been scattered among several agencies, and pursuant to its enabling Act, in the electric sector CRE is empowered to perform several key tasks 19 :
(a) Participation in the setting of tariffs for wholesale and final sale of electricity, (b) Issuance of permits to generate electricity under the schemes allowed by the LSPEE, (c) Review and approval of the criteria for determining fees related to public electricity service, (d) Verification that entities responsible for the public electricity service purchase electricity at the lowest cost and also offer optimum stability, quality, and safety of electric service.
(e) Approval of the methodologies for calculating payments for the purchase of electricity used in public service, and (f) Approval of the methodologies for calculating payments for electricity transmission, transformation and delivery services.
In addition to these functions, CRE also performs similar functions in the gas sector, including the issuance of building and operating permits for gas infrastructures. By 2003 CRE had granted 218 permits in all schemes accounting for investment commitments over USD $12.2 billion for the construction and operation of nearly 20,000 MW of capacity.
Nonetheless, CRE's authority and power are not clearly specified in many areas, and CRE influence is hobbled in key areas-such as in tariffs, where the operations of LFC and CFE are far from transparent and thus rational tariff-setting is essentially impossible. CRE approves the methodologies for calculating payments for electricity transmission and distribution, but CRE does not have the authority to actually establish tariffs.
Despite reforms to create an independents regulator and allow the entry of IPPs, the fundamental barrier to competition and private participation remained-Articles 27 and 28
19 See www.cre.gob of the Constitution. In February 1999, near the end of his tenure, President Zedillo proposed structural reforms that would have modified the Constitution, but these never passed the Congress. Many fractions inside PRI opposed reform that could erode a traditional power base-the unions in CFE and LFC-and they relied on a public that remembered the failed promises of earlier privatizations. 20 In addition to opposition within his own party, Zedillo's earlier political reforms meant that he didn't have a working majority in the Congress (see Table 4 ), which required him to negotiate with many different parties to achieve the support needed for passage of his proposals. In order to amend the Constitution a majority vote of 2/3 of each House and 51% of Local Congresses are needed.
February 1999 proved to be a difficult time for such negotiations as few were willing to compromise with the July 2000 Presidential elections on the doorstep. These political factors combined with the lack of general awareness about the problems in the sector. To the casual observer, everything appeared to be working well-costs and quality were not out of line with the experience of most Mexicans.
Zedillo's plan sought a comprehensive reform that would introduce competition in generation, distribution, and marketing of electricity. The proposal followed closely the UK model, although studies have shown that alternative systems-such as the Australian system with a regulated market for capacity reserves-would be more appropriate in the Mexican context (Carreón and Rosellón, 2002b) . Under the Zedillo plan, nuclear generation, some hydro generation (mainly in the south of the country), and the system operator would remain in the hands of the State-nuclear for reasons of security, and large hydro because the State manages the nation's water supplies for multiple purposes including agriculture. The independent regulator, CRE, would also oversee the aspects of the system that were prone to monopoly, such as transmission and distribution. Regulators would also ensure that generation and marketing would remain contestable activities, through monitoring of market power, barriers to entry and other factors that would undermine a competitive market.
The Zedillo plan envisioned three stages of effort. First, the government would implement basic organizational changes. CFE and LFC would be partially unbundled into several generation, transmission, and distribution companies kept at arm's length; a government-controlled system operator would be created. Separate state enterprises would be created to hold nuclear and hydro assets. And basic rules for a competitive electricity market (and its regulatory framework) would be debated. Despite the failure to implement the Zedillo plan, some progress on this first stage was already accomplished when CFE created a "shadow market" in which generators compete for service at 1400 nodes through the use of a power flow model. Since September 2000, CFE's "shadow market" has sought to emulate a truly open, competitive market; it uses a merit order rule for dispatching generators and includes a one-day-ahead market as well as a "real-time" balancing market.
In the one-day-ahead market, bids for hourly slots are submitted to CFE's system operator by thermal plants that are administratively separated so that they plan their strategy, to some degree, as different power producers. 21 Payments to generators include a "capacity" payment intended to foster the development of generation capacity reserves. In this shadow market, distribution companies are also divided into several units; a MW-Mile method is used to set transmission tariffs.
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The second stage of Zedillo's proposal envisioned opening the sector to private investment and the creation of a wholesale electricity market that included both short-term and long-term markets as well as competition for contracts with distributors and large users.
In the third, final, stage the arm's-length entities would be separated fully and privatized.
In addition to political obstacles, the Zedillo plan had some technical problems. It sought to balance state-of-the-art economic theory with the practical realities in the context of the Mexican power sector. One of the main omissions was the lack of a mechanism for creating incentives to expand transmission capacity. The plan envisioned that the State would not bear risks nor provide guarantees to private investors; yet it vested transmission 21 Non "programmable" generators are small producers that only supply power according to a previously set energy delivery schedule. Hydro generators also make available all their generation capacity, and face production constraints in the one-day-ahead market. Both types of generators then have zero variable costs. 22 Through this method, charges for transmission services for 69Kv and higher tension lines are calculated as the higher of "fixed plus variable costs" and "operation and maintenance costs". To this amount, fixed administrative costs are added. Fixed costs are set at the long-run incremental cost of the transmission network and allocated among consumers of the current grid and consumers of the future expanded grid according to the impact that each has on congestion in the complete network.
planning solely within the Ministry of Energy and potentially created risks that most private investors would avoid unless given a state guarantee similar to the PPA that IPP generators required. Related to this problem was the lack of incentives to address problems of shortrun congestion, which in turn could create bottlenecks for new generators. 23 Nor was there clarity in the incentives that would govern the system operator. Finally, it was not clear how the IPPs were incorporated into the reform-the state would retain strategic control of the sector, but it was unclear how to square that vision with investors' requirements for predictable returns on their projects. Alas, these flaws and the many possible remedies were never given serious consideration-the upcoming election and the fragmentation of political power eviscerated the Zedillo plan before the government ever had a chance to build a political coalition for its passage.
III.4. ELECTRICITY AND THE SOCIAL CONTRACT
Although key choices about fuels and tariffs made during the 1970s would later undermine the financial sustainability of the power sector, that decade was a period of substantial progress in delivering benefits from electricity more widely to the societywhat the editors call in the introduction to this book the "social contract." We focus on three dimensions: electrification of rural and poor populations, protection of the environment, and investment in long-term research and development. On all three, the accomplishments rooted in the 1970s were notable, and ironically these achievements (especially that of electrification) have reinforced public support for a state-controlled power system.
The greatest success in these three dimensions of the social contract is evident with electrification. Access to electricity more than doubled from 1970 to 1990 (see Figure 9 ). 1910 1920 1930 1937 1940 1950 1952 1960 1970 1980 1990 1997 1998 1999 Many factors could explain the pattern of electrification. In Table 3 we report simple correlations using basic demographic and economic statistics from all states between 1970 and 2000 (one observation per state per decade). The correlation with electrification is highest for GDP (R 2 =0.81) and urbanization (R 2 =0.99). A multivariate regression confirms these simple results-urbanization has been the main driving force for electrification, and there is little residual value that might indicate a role for policy. Similar results are evident for water services, but in telecommunications the correlations are much less robustsuggesting that public policies promoting access have been more important for telecommunications or, perhaps, the cost of telecommunications has declined so sharply that factors such as urban access and income have a less intense effect than in the public services where costly fixed infrastructures remain central. The story of successful electrification in Mexico is similar in many respects to that of China-factors outside the electric sector have spilled over to create dramatic progress in electrification. This history is quite unlike that of South Africa, where success in electrification in the 1990s is the direct consequence of an active government policy to promote electric connections. Second, on environment, the sector is subjected to increasingly strict regulation concerning siting and effluents. The relevant norms are under renewed consideration at the present as Mexico considers the possibility for even stricter rules based on improved stateof-the-art technology. The government is in the midst of designing a credit trading system for regulating large sources of sulfur dioxide-including power plants as well as the many facilities of PEMEX. Progress on environmental issues depends heavily on the rate of technological change in the electric sector. As in the United States, most environmental laws in Mexico "grandfather" existing facilities with weaker regulations, and thus the difficulties in the power sector that have resulted in slowing the retirement of old plants have had negative consequences for the environment. The biggest news-and good news at that-is the arrival of gas in the sector, which is mainly a function of technological improvements (gas turbines) that occurred outside Mexico as well as decisions on IPP tenders that were taken in part because gas is cheaper than the oil alternatives. The environmental benefits are a windfall. 
IV. The Evolving Agenda
Under the current legal framework for the electricity industry, private investment coexists with the state in key areas, such as power generation. Nonetheless, the reforms implemented so far are stopgap measures--they are minor reforms in tariffs and fuel pricing implemented from 1982 to 1990, the IPP scheme created in 1992, the empowerment of CRE in the 1990s, and a new tariff schedule adopted in 2000. Each of these measures push crisis a bit further into the future; but, the sector remains financially unsustainable. Indeed, the engine for partial reforms is now running out of steam as the gap between expected demand and supply grows and the financial needs of the sector multiply. Yet the need for reform has not commanded adequate political support, and the fragmentation of political authority has made it even harder for government to assemble viable reforms. Serious reforms will require institutions such as a truly independent regulator with substantial powers and information-all conditions that are difficult to satisfy in the current context.
Moreover, serious legal problems remain so long as reformers have attempted to navigate 24 The Instituto Mexicano del Petróleo (Mexican Petroleum Institute, IMP) is in charge of research on issues related to the oil industry. In this sense it is important for the power sector because of its relationship with natural gas and fuel oil. the authority and role for CRE; tariffs; public opinion; and the main current proposals for reform.
IV.1. Demand, Supply and Gas
The government USD $50 billion, with about 40% for generation, 24% for transmission, and 21% for distribution. Of this total, the Ministry of Energy envisions that various private sector investment schemes, notably IPPs, will contribute USD $39 billion-about four-fifths of the total. Nonetheless, the (smaller) requirements in the public sector will impose extraordinary strain on the budget and could divert resources from other social priorities such as education, social security, or poverty relief.
To serve the growing demand for power and replacing the retired plants a variety of fuels is available, but one (by far) is the most attractive: gas, especially gas burned in combined cycle baseload plants. This shift to gas is good news for the environment and also promises to lower tariffs. However, it is not clear how such a massive shift to gas will be achieved. Close to the end of the Zedillo's administration, The Ministry of Energy and PEMEX announced an ambitious program, Plan Estrategico de Gas Natural (Strategic Plan for Natural Gas, PEG)
that outlines a vision for meeting this demand, calling for PEMEX to double its natural gas production from 2002 to 2006. However, actual progress at PEMEX has been lacklusterthe PEMEX budget is set by Hacienda, and as with CFE it has not received all that it requests. In tough times, PEMEX focuses on its core business (oil) and shunts gas aside.
PEMEX lacks not just the capital but also the expertise to develop new gas fields, so it has The monopoly position of PEMEX includes not just control over fields but also pricing and retailing of gas. The current regime sets gas prices on a "netback" basis to
Texas markets, which made sense when most gas was imported from Texas but yields undue windfalls to gas suppliers (i.e., PEMEX) as large indigenous supplies are envisioned.
It also creates difficulties for gas-on-gas competition as LNG terminals are built and will compete for contracts with local natural gas supplies. CRE has directed PEMEX not to discriminate in its pricing and marketing of gas, but the problems are structural. Gas is used in IPPs by private investors who are stuck between a monopsony (CFE) and a monopoly (PEMEX). This situation is damper for competition as, in general, fuel costs account for 60% of the total costs of gas-fired electricity. The pervasive problem of competition in the gas sector extends even to the siting of power plants which, in effect, is determined by PEMEX and its decisions about location of the gas transportation infrastructure.
IV.2. Constitutional Integrity: The Supreme Court Decision and Beyond
The keystone to sustaining investment in the power sector, in the context of the very To provide a sense of the range of options, Table A1 Fox's Party), which foresee tinkering at the margins of a system that would remain vertically integrated and organized much as it is today. 27 According to the negotiations taking place in late 2003, the proposal that is most likely to be discussed in the Congress is the one presented in the last column. This proposal was negotiated by PAN and some fractions of PRI. However, a common factor in all these proposals is the lack of technical discussion on the specifics of the electricity sector. Even the Fox proposal seems to be totally unaware of the highly complicated task of designing an electricity market under the presence of a vertically and horizontally integrated incumbent state firm. It is not clear how under such conditions there could exist a leveled playing field for entering private generators that would have to compete with generators that belong to a state holding company that is able to deliver subsidies across its different subsidiaries.
IV.3. Evolution of Tariffs in the near future.
The direction of tariff reform remains difficult to predict; yet continued alignment of tariffs with costs is essential. We attempt to develop different scenarios for future tariffs by looking at each of the major contributors to final tariffs. At present, costs are allocated for low-voltage supply with about 35% for generation, 5% for transmission, 50% for distribution, and 10% for marketing. For residential customers, who account for 24.4% of the total load, the gains from distribution and marketing could only arrive via efficiency gains given the proposals presented in Table A1 . So in order to discuss some possible scenarios we assume that this 60% of the current cost will remain unchanged.
27 For a more complete discussion, see de Rosenzweig, F. and Femat, J. C. 2003. With respect to transmission, all the current proposals under consideration envision that the government will retain control. Therefore, any reduction in this tariff will come from efficiency gains rather than outright competition. Lower tariffs from efficiency, however, will be offset with the creation of proper incentives to invest in transmission assets. Even large changes-positive or negative-will have little effect on the final.
Generation costs are likely to have a much larger impact on the total final tariff.
Improved efficiency through competition should lower tariffs, although generation tariffs are already artificially low due to under-pricing of fuel oil.. Gas fueled power plants should increase efficiency, but the difficulties of attracting investors for indigenous gas production, and the rising gas price trend in North America, has given rise to the need for imports of LNG. The first such facilities are slated to open soon at Ensenada, Baja California, Altamira, Tamaulipas and Lázaro Cárdenas, Michoacán, with delivered costs of perhaps 30% to 50% higher than the price of domestic gas. However, it is important to note that LNG terminals make economic sense with prices of LNG above USD $4.00 per MMBTU.
Although new plants should replace costly old oil-fired facilities, already those old plants, through CFE's "shadow market", are being dispatched only during peak periods, and the shift to a peakier load in the future-with ever-larger residential demand-may actually result in a higher cost for peak power, which reforms will attempt to pass to final users.
The most likely effect of all these forces, we estimate, is a higher cost of generation.
Finally, one must consider the fate of subsidy policy in a reformed environment.
While there will be pressure to maintain the current subsidies, we doubt that the high cost of this program-though offset a bit, perhaps, through efficiency improvements-will allow for continuation at current levels, which amount to around 50% of the true cost for residential consumers and 70% for agricultural users. Only in the case that investors mistakenly over-invest and produce a glut of low-cost baseload power is it likely that tariffs could be kept low while subsidies are also reduced.
IV.4. New Role of CRE
Although the creation of an independent regulatory authority in the middle 1990s
was an enormous accomplishment, the powers and authority of CRE require further clarification-especially as key functions that are performed by regulators in other countries, such as setting tariffs, are actually controlled by Hacienda as an extension of government policy. Indeed, the Fox proposal for continued reform includes a further specification of CRE's role, including its role in overseeing a transparent tariff policy. A consensus is emerging that CRE should be vested with independent authority to define the rules for market operations, set tariffs, and regulate natural monopolies (see Table A1 ).
IV.5. The greatest challenge to Reform: Public opinion
The fragmentation of politics in Mexico has exacted a considerable toll on the process of reform. Not only has debate over reform left the technical arena and become a completely politicized issue, but the constant debate and the lack of control by any single party in the Chamber (see Table 4 above) has undercut any continuity in reform strategy and made it difficult for critical investors to anticipate outcomes.
Moreover, available data shows public opinion opposes privatization as well as even private investment in the energy sector. Mexicans who are even aware of the existence of reform proposals (who are in a small minority of the total public) believe that the essence of the most comprehensive reform-proposed by the Fox government-is a privatization that will undermine Mexico's sovereignty. This view is the result of a carefully manufactured public opinion by interest groups such as unions that fear (probably correctly) that reform will harm their narrow interests. Detractors have found fertile soil for sowing discontent. problems, a figure far from being overwhelming-and one-third of those who think that electricity is poor cited high prices as the main problem in the sector. Of the whole sample, only 14% said that the quality of electric service was bad, while 33% who said that service quality is good.
Additionally, according to the CEO survey, only 29% believe private investment would guarantee electricity supply in the decades to come; 28% believe poor and rural communities would be electrified, while 30% do not believe that would happen; surprisingly, only 24% believe the government would channel more resources to social spending, while 36% says that promise is false. In the same vein, only 23% think service would improve as a result of private investment. Moreover, the survey suggests that the public thinks many dangers lurk in reform-among them, 60% believe worker rights would not be respected, and a majority believes that private investors will force higher tariffs.
Thus reformers face a problem of credibility with the public. Their mission of reform is viewed, by many, as unnecessary and harmful. Why should people believe this time benefits will be fairly distributed among the population? Why believe corruption will be absent this time? Why will reform yield better service and lower tariffs when similar (unfulfilled) promises were made for reform of the banking system, for example?
Thus old-fashioned popular politics, not economics or technical design, has become the most important factor explaining the failure of power reform in Mexico. One strategy for fixing this problem would be a massive campaign to alter public opinion by explaining the benefits of reform (improved service and a chance of reduced tariffs in the long run, as discussed above) and the current hidden costs to the status quo, such as subsidies that could be redirected to other social purposes. However, available data suggests that such an effort would not be very effective as citizens distrust the ability and honesty of the government to large measure of patience and luck would be needed. A third strategy might entail striking a bargain with PRI to assure that it would not pay an electoral cost for its support of a reform bill. Despite the preferences of public opinion against energy reform, this is not a main issue in the minds of the electorate-polls show that voters care much more about employment and public security. At this writing, some efforts appear to be under way on this front. Indeed, with public opinion generally focused elsewhere, PRI may be over estimating the electoral cost, which is suggested to be minor. Although PRI may be overestimating the cost for supporting reform, it is still unclear whether PRI would see a benefit from reform (especially if PAN, which would be most visibly identified with reform, were to reap most of the political gain if reforms were successful).
Creating a winning political coalition for reform will be especially important because many unions in the electric sector have amplified their political power by forming alliances with other unions to block reform. Even if PRI's leadership could be convinced to support reform, PRI's traditional relationship with many unions would strain. The only group with a strong interest in mobilizing in favor of reform is industrial users. They clearly face costs from the status quo and would enjoy substantial benefits from better service and more competitive tariffs 29 . To date, however, industrial consumers have been ineffective at influencing members of Congress and public opinion despite some lobbying and communication efforts. Moreover, with provisions for cogeneration and self-supply 29 However, industrial consumers in Mexico have had contradictory traditional positions. The price of natural gas is a clear example of this, and of the lack of credibility of the Fox government in engaging in truly efficient reforms (based on technical criterion and not on political pressures by industrial consumers). The famous story of the 4 by 3 PEMEX gas contracts is that case. Under such contracts the government offered a deal to sale one million btus for USD $4 during three years. This contract was offered when this price was over USD $6 to $8. Industrial consumers accepted the deal; but, when prices went below USD $4 they rejected the contract and asked for market prices.
already on the books (and under lesser constitutional threat than for IPPs), the largest industrial users may actually find it cost-effective to create their own power systems and exit, largely, from the public system-as is already evident in India.
V. Conclusions
Many outside analysts are surprised at how much quarrel and opposition arises from The greatest challenges that remain in the sector are complex and not visible to average citizens. They include large and inefficient subsidies in tariffs, which have made it difficult for the government to contract additional debt and have skewed government spending on a wide array of other programs. We have suggested that further power sector reform is essential as the high growth in demand for electricity is narrowing the gap with available supply, and the various stopgap measures adopted to attract investment (and delay closure of old plants) are running out of steam. Even budgets to maintain old plants have been slashed. Although it is difficult to assess, the competitiveness of the country is probably harmed-perhaps substantially-by this continued gridlock. Yet absent massive apparent difficulties-such as widespread blackouts (themselves a possibility as reserve margins recently dipped to just 1%) the needed consensus for reform remains elusive.
